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Abstract 

Background: United States health care spending rose rapidly in the 2000s, after a period of temporary slowdown 
in the 1990s. However, the description of the overall trend and the understanding of the underlying drivers of this 
trend are very linnited. This study investigates how well historical hospital cost/revenue drivers explain the recent 
hospital spending trend in the 2000s, and how important each of these drivers is. 

Methods: We used aggregated time series data to describe the trend in total hospital spending, price, and quantity 
between 2001 and 2009. We used the Oaxaca-Blinder method to investigate the relative importance of major hospital 
cost/spending drivers (derived from the literature) in explaining the change in hospital spending patterns between 
2001 and 2007. We assembled data from Medicare Cost Reports, American Hospital Association annual surveys. 
Prospective Payment System (PPS) Impact Files, Medicare Provider Analysis and Review (MedPAR) Medicare claims 
data, InterStudy reports. National Health Expenditure data, and Area Resource Files. 

Results: Aggregated time series trends show that high hospital spending between 2001 and 2009 appears to be driven 
by higher payment per unit of hospital output, not by increased utilization. Results using the Oaxaca-Blinder regression 
decomposition method indicate that changes in historically important spending drivers explain a limited 30% of 
unit-payment growth, but a higher 60% of utilization growth. Hospital staffing and labor-related costs, casemix, and 
demographics are the most important drivers of higher hospital revenue, utilization, and unit-payment. Technology is 
associated with lower utilization, higher unit payment, and limited increases in total revenue. Market competition, 
primarily because of increased managed care concentration, moderates total revenue growth by driving lower 
unit payment. 

Conclusions: Much of the rapidly rising hospital spending growth in the 2000s in the United States is driven by factors 
not commonly known or well measured. Future studies need to explore new factors and dynamics that drive longer-term 
hospital spending growth in recent years, particularly through the channel of higher prices. 
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Background 

U.S. healthcare spending accelerated considerably in the 
late 1990s and continued to grow rapidly until the recent 
recession. In particular, annual hospital spending growth 
was 4.1% and 8.7% in 2000 and 2001 respectively [1], 
and continued to increase at an average annual rate of 
eight percent between 2001 and 2007 [2]. The eight per- 
cent annual growth rate outpaced overall inflation and the 
growth of the economy during the same period. While 
overall healthcare spending slowed between 2008 and 
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2010, many believe that the slowdown is only temporary, 
caused by the most severe recession in the United States 
since the Great Depression [3,4]. Therefore, it is important 
to understand what drives the trend of rapid spending 
growth in the 2000s to inform the prediction of future 
spending growth following the economic recovery. 

There are many studies which report the rising U.S. 
health care spending by year, over a short period of time, 
and/or in selected markets. However, only limited re- 
search has been done which systematically examines the 
potential drivers over a longer period of time, particularly 
for the most recent decade. Much of the related literature 
focused on the reversal of the hospital spending trend in 
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the late 1990s through the early 2000s and provided 
inconsistent explanations. For example, Hay [5], using 
1998-2001 data from a private health plan, showed that 
economic characteristics, technology, and hospital market 
structure are the most important factors explaining the 
(mostly between-state) variation in hospital cost. Another 
study covering the same period found that Health Main- 
tenance Organization (HMO) penetration and caps on 
malpractice awards were the most important explanatory 
variables in hospital admissions/cost estimation [6]. A 
study from the Lewin Group [7], using data between 1998 
and 2001 from three different sources, found that provider 
market structure and physician supply variables were most 
important in predicting hospital-based outpatient cost. 
Other studies analyzed hospital financial reports and pro- 
vided descriptive evidence that rising costs for nurses and 
other personnel were one of the main causes of inpatient 
cost growth in the early 2000s [8-10]. In contrast, studies 
paid less attention to the continual spending growth after 
the early 2000s. Our research fills the gap in the literature 
by covering a longer period throughout the 2000s and 
using a more systematic approach to examine the under- 
lying drivers of the spending pattern. 

In this paper, we use data from all acute care hospitals 
in the United States from 2001 to 2009 to document 
hospital spending patterns under existing and evolving 
market conditions to guide future spending predictions. 
We then use data from 2001 to 2007 to conduct the 
Oaxaca-Blinder (OB) methodology, which decomposes 
per capita hospital spending growth into quantity and 
price trends, and assesses (a) how well the historically im- 
portant hospital cost/spending drivers together explain 
the sustained spending growth in the most recent decade, 
and (b) how important these factors each are. Oaxaca [11] 
and Blinder [12] first introduced the method to decom- 
pose the differences in outcomes between groups into two 
broad categories: (a) change in outcomes due to the 
change in the values of the observed characteristics, and 
(b) change in outcomes due to changes in the relationship 
between outcomes and observed characteristics. This 
methodology enables us to understand how change in 
hospital spending over time is explained by the change in 
the share of for-profit (FP) hospitals, for example, versus 
explained by the changing relationship FP ownership has 
on hospital spending. As such, the information in this 
paper will help policy makers identif)^ critical individual 
factors that contribute to the spending growth and devise 
policies to moderate the driving forces. The OB method- 
ology has been extended to a large volume of health eco- 
nomic and health outcomes studies. For example, the OB 
method is used extensively to decompose the disparity in 
health care access and use between different race/ethnic 
groups [13,14], changes in insurance coverage over time 
[15,16], and the obesity rise in recent decades [17]. In this 



study, we apply the model to examine the rise in hospital 
spending between 2001 and 2007. Because the hospital 
sector is the largest provider of health care in the United 
States— whose spending comprises about one third of 
total health care expenditures— we focus on analyzing the 
drivers of hospital spending. 

Methods 

Data source 

Our main analytical data file [1] is compiled from several 
data sources. The data on hospital net patient revenue and 
hospital labor salary and wage are drawn from Medicare 
hospital cost reports, 2001 to 2009. Hospital utilization 
data, organizational characteristics, technology availability, 
and staffing information are from the American Hospital 
Association (AHA) annual surveys. The Medicare casemix 
index is obtained from the Medicare Hospital Inpatient 
PPS Impact Files. We used data from MedPAR Medicare 
claims between 2001 and 2005 to calculate the number of 
acute myocardial infarction (AMI) patients and their 
percutaneous transluminal coronary angioplasty (PTCA) 
or coronary artery bypass graft (CABG) treatments. The 
managed care data for years 2001 and 2004 are compiled 
from HMO and Preferred Provider Organization (PPO) 
enrollment data from InterStudy. Hospital concentration 
measures are provided by Dr. Glenn Melnick [18]. Mea- 
sures on percent revenue by Medicare and Medicaid are 
derived from National Health Care Expenditure data from 
Center of Medicare and Medicaid Services, 2001-2005. 
Lastly, county characteristics such as per capita income, 
unemployment rate, and population structure are obtained 
from the Area Resource File. The aggregated time series 
sample includes all general, acute, non-federal hospitals 
located in Metropolitan Statistical Areas (MSAs) that 
continuously operated between 2001 and 2009. The 
decomposition sample is restricted to similar hospitals that 
operated continuously between 2001 and 2007, excluding 
outliers (i.e., hospitals whose reported values of the three 
main outcome measure— net patient revenue, adjusted 
days, and average payment per adjusted day— are in the 
top and bottom one percent of the distribution in 2001 
or 2007). 

Statistical model 

The study design combines the analysis of aggregate time- 
series data 2001-2009 and OB regression-based decom 
position methods [11,12,19] to identify the factors that ex- 
plain hospital revenue growth between 2001 and 2007. 
The decomposition analysis is limited to 2001 to 2007 just 
prior to the recent recession because spending and 
utilization patterns might be different under economic 
contraction, and our managed care data is available only 
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up to 2004. Considering the differences in hospital net rev- 
enue between 2001 and 2007: 

^2007-^2001 = -^2007 ^2007 +^2001 ^2001 i^) 

Equation 1 shows the change in hospital revenue (Y) 
in 2007 and 2001, evaluated at the yearly value of the 
independent variables (X) and their corresponding effect 
on hospital revenue (the coefficient, |3). After simple 
manipulation, we obtained the following relationship: 

?2007-?2001 = (^2007 "^2001)^2001 

+ ^2007 (^2007 ~^2001 ) ('^) 

The observed growth in hospital revenue thus can be 
decomposed into two components: the first part of 
Equation 2 represents the portion of hospital revenue 
growth that can be explained by changes in the values of 
the observed characteristics; the second part of Equation 2 
represents the portion of revenue growth caused by 
changes in how these observed factors affect a hospitals 
revenue over this period (changes in coefficients) and 
other factors not captured in the model The focus of this 
analysis is on decomposing the first part of Equation 2, or 
explaining the contribution of different categories of ob- 
served characteristics to hospital revenue growth. 

We chose 2001 s coefficients as the base for the decom- 
position, because we are interested in examining how hos- 
pital spending patterns have changed since 2001. 

Outcome variables 

To investigate the underlying mechanism driving hospital 
inpatient spending growth between 2001 and 2007, we an- 
alyzed growth rates in three ways: the hospitals net patient 
revenue, patient volume, and average unit payment. The 
hospitals net patient revenue is measured as gross patient 
revenue minus contractual allowances and bad debts. We 
used real hospital net patient revenue by deflating nominal 
net patient revenue with consumer price index. The hos- 
pitals patient volume is measured by adjusted days: Ad- 
justed days are calculated as total actual inpatient days 
plus estimated equivalent inpatient days related to out- 
patient services volume using the AHA methodology^. 
Lastly, unit payment is measured as net patient revenue 
per adjusted days. For the first two outcome measures, we 
used the log transformation in the analyses to account for 
the highly skewed distribution of hospital revenue and 
output. Examining the three outcomes enabled us to see 
whether the growth is driven mainly by quantity or by unit 
price. We then applied the OB decomposition to each of 
the three outcomes separately. 



Key explanatory variables 

Building on past literature, hospital cost/revenue is as- 
sumed to be a function of many determinants, including 
advances in medical technology and patient, hospital, and 
payer factors [20]. In our present study, we are most inter- 
ested in three categories of variables that the literature 
suggests as the main causes of the late 1990 to early 2000 
resurgence in hospital spending: (a) labor cost, (b) technol- 
ogy, and (c) market competition. First, rising labor cost is 
critical to the study time period, given the wide media 
coverage of nursing and healthcare staff shortage since late 
1990 [6], and several studies have provided some evidence 
on this cause [8-10]. Second, advances in new medical 
technology have been identified as the key determinant 
of long-term health care/hospital expenditure growth 
[21-24]. Other studies have documented a boom in the 
use of imaging equipment since the early 2000s [25,26] 
and an expansion in cardiac services [27], suggesting 
the importance of new technology and its potential effect 
on hospital spending during the study period. Third, hos- 
pitals continue to consolidate into systems, and several 
studies indicate that hospital consolidations are associated 
with higher hospital prices in recent years [28-30]. Other 
studies indicate disenrollment from HMOs to less restrict- 
ive PPO plans and the HMOs easing restrictions on access 
to and utilization of health care services as the explanation 
for increased spending [31]. Literature also suggests that 
additional factors such as hospital ownership, aging of the 
population (particularly the baby boomers [24]), and 
increased economic conditions may also be important in 
driving higher hospital spending. We include a compre- 
hensive list of variables and group them into the following 
categories: 

• Hospital Staffing Level and Labor-Related Costs. We 
include (a) a measure of total labor-related costs per 
hour, which sums up a hospitals total employees' 
salaries, wages, and other labor costs such as 
contracted nurses, therapists, management, 
pharmacy, laboratories, and pension and benefit 
costs, and (b) total full-time equivalent (FTE) 
personnel per bed, (c) FTE registered nurses per 
bed, (d) FTE licensed practitioners per bed, and 

(e) FTE resident doctors per bed. 

• Technology. We considered technologies that are 
considered high-tech, profitable services [32] and 
are consistently recorded in AHA surveys during 
the study period. For cardiac services, we indicate 
whether a hospital has (a) a cardiac catheterization 
lab or (b) an open-heart surgery facility. To 
additionally account for the intensity of use, we 
controlled (c) number of Medicare AMI patients 
treated in a hospital, (d) percent of Medicare AMI 
patients receiving PTCA, and (e) percent of Medicare 
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AMI patients receiving CABG surgery. Other 
high-tech equipment and services included are (f ) 
positron emission tomography (PET), (g) single 
photo emission computerized tomography (SPET), 

(h) extracorporeal shock wave lithotripsy 

(i) magnetic resonance imaging (MRI), and (j) 
neonatal intensive care. 

• Market Competition. Three key measures of market 
competition variables are included: (a) managed care 
(MC) penetration, (b) the MC Herfindahl- 
Hirschman index (HHI), and (c) the hospital HHI. 
The insurer-hospital bargaining literature suggests 
that both the insurer and the hospital side of market 
structure are important in determining the 
utilization and payment of hospital services [33]. 
Insurer market structure is measured by MC 
penetration and MC HHI at the MSA level. We 
used a combined HMO and PPO measure following 
the conceptual argument that HMO and PPO may 
be substitutes so that they should be considered in 
the same relevant product market [34,35]. Hospital- 
specific HHIs are derived from Medicare discharge 
MedPAR data using actual zip code level patient 
flow data, following the detailed method described 
in Bamezai et al. [21]. 

• Hospital Organizational Characteristics: A hospitals 
ownership and organizational structure will affect its 
mission and value for profit, which in turn will 
affect cost and pricing behavior. For this category, 
we include a hospitals (a) ownership status 



(for-profit, government, and not-for-profit), (b) 
whether a hospital is a teaching hospital, (c) number 
of available beds (in seven categories of bed sizes), 
(d) hospital occupancy rate, indication of whether or 
not there is excess capacity [36,37], and (e) whether 
a hospital is part of a hospital system. 

• Casemix and Socio-Economic Demographics: One 
potential driver of hospital spending is an 
increasingly sick and aging patient population. We 
used (a) the Medicare casemix index to control the 
general severity of illness of the patient population 
(with the assumption that sicker patients are more 
costly to treat). We also included local demand-side 
socio-economic characteristics and physician supply, 
which include (b) per capita income at the county 
level, (c) unemployment rate, (d) percent of elderly 
population, and (e) number of physicians per capita. 

• Hospital Payer Mix: A hospitals total net patient 
revenue depends on the mix of revenues from 
different payers. Revenues from private payers can 
be affected by payment generosity of public payers. 
Therefore, we included a payer-mix variable for 
Medicare and Medicaid each, which calculates the 
percent of total hospital revenue that is paid for by 
Medicare and Medicaid at the state level, 
respectively. 

Results 

Figure 1 presents the aggregated time series of overall 
trend data for total hospital spending (average net patient 
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revenue) per capita and utilization (adjusted patient days) 
per capita between 2001 and 2009. With the weakening of 
managed care since the late 1990s, one would expect hos- 
pital utilization to grow quickly. However, utilization 
appears to account for a very limited portion of the total 
growth in net patient revenue. During 2001 to 2009, nom- 
inal and real (deflated by consumer price index) total net 
patient revenue grew by 64% and 42%, respectively, while 
utilization grew by a total of nine percent only. This trend 
implies that much of the large revenue growth is caused 
by more expensive payment per unit of adjusted hospital 
day, and that these trends are more than a short-term 
phenomenon. 

Table 1 provides summary statistics of the potential 
drivers of hospital spending that are used in the decom- 
position analysis. This table shows that the largest changes 
between 2001 and 2007 occurred in the staffing and labor 
costs, technology expansion, and market competition 
categories. The number of PTEs per bed has increased, 
mainly because of an increase (25%) in RNs per bed. The 
hospitals average labor-related cost rose by 16%. PET and 
PTCA have expanded significantly: the number of hospi- 
tals owning PET increased by 35%, and the number of 
Medicare AMI patients receiving PTCA rose by 27%. The 
insurance market structure has changed as well: total 
managed care penetration (combined HMO and PPO 
penetration) declined by 12%, while the markets concen- 
tration increased by 11%. Hospital market concentration 
has remained relatively stable. Other important changes 
are that share of FP hospitals increased by four percent, 
and that hospitals have either become small (hospitals 
with fewer than 100 beds grew by 11%) or very large 
(hospitals with more than 500 beds grew by 20%). 

We then applied the OB method to examine the sources 
of growth in total net patient revenue and its volume and 
price components. Table 2 presents the decomposition 
results. The first row shows the total actual differences in 
the dependent variable values between 2001 and 2007. For 
example, the difference in log of net patient revenue is 
0.41, meaning that the average growth rate in net patient 
revenue is 41% between 2001 and 2007. The next two 
rows separate the total difference into the percentage that 
can be attributed to change in the observed factors over 
time (explained) and percentage are due to coefficient 
effect and other unobserved factors (unexplained). The 
bottom half of Table 2 breaks down the total explained 
difference into its component parts: staffing and labor- 
related costs, technology, market competition, hospital 
characteristics, casemix and socio-economic demograph- 
ics, and payer mix. 

The results show that the variables included in the 
regression can together explain 44% of the growth in net 
patient revenue, 57% of the growth in adjusted days, and 
30% of the growth in price. The growth in net patient 



revenue is primarily driven by higher staffing and labor- 
related costs. The changes in staffing and labor-related 
hourly cost between 2001 and 2007 alone would predict 
a 12% increase in net patient revenue, accounting for 
67% of the total growth that can be explained by all the 
observables. The second major driver is the change in 
casemix and demographics variables, accounting for 27% 
of the explained growth. Market competition, hospital 
characteristics, and payer mix categories are equally 
important as the third important driver. It is important 
to note that changes in market competition actually low- 
ered total revenue growth. Without the observed change 
in market conditions, net patient revenue would have 
increased 0.8 percent. 

Hospital utilization (adjusted patient days) grew by a 
much smaller seven percent since 2001, and the observed 
variables explain a large (57%) portion of the growth. The 
top two categories of drivers of higher utilization are staff- 
ing and labor-related costs (83%) and casemix and demo- 
graphic factors (15%). Note that Table 1 showed a net 
increase in the availability of hospital technology we mea- 
sured between 2001 and 2007. Therefore, the expansion 
of technology contributed to lower hospital utilization 
(-20%). Change in market competition played a very lim- 
ited role in explaining utilization growth. 

As described earlier, payment (measured by net patient 
revenue per adjusted days) growth drives most of the total 
net revenue increase in the study period. However, 
changes in the value of the observed variables could only 
explain 30% of the payment growth. Similar to the previ- 
ous two outcomes we examined, staffing and labor-related 
costs is again the leading cause, accounting for 62% of the 
explainable payment growth. The second important driver 
is the casemix and demographic category (30%). More 
technology has led to a small increase in unit payment 
growth. Market competition moderated the unit payment 
growth, contributing to minus nine percent of the ex- 
plained growth. 

Discussion 

Our aggregated time series results show that the rapid 
growth in hospital spending between 2001 and 2009 is 
mostly driven by higher payment (per adjusted hospital 
day), not utilization. With regression-based decompos- 
ition, we found that changes in the value of the compre- 
hensive set of variables can explain less than half of the 
total spending growth in 2001-2007. Two categories, 
staffing and labor-related costs and casemix and socio- 
economic demographics are the leading factors consist- 
ently driving higher total net patient revenue, utilization, 
and unit payment between 2001 and 2007. This result is 
consistent with several studies that document a nursing 
shortage [38,39] as well as a potential emerging (primary 
care) physician shortage [40,41]. However, while much of 
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Table 1 Characteristics of hospitals and hospital 
environments in 2001 and 2007 

2001 2007 Change 



Table 1 Characteristics of hospitals and hospital 
environments in 2001 and 2007 (Continued) 

Payer Mix 

% Revenue medicare 31% 30% -5% 

% Revenue medicaid 17% 17% -5% 

Observations 1,704 1,642 



the utilization growth is explained, most of the more sig- 
nificant growth in unit payment is left unexplained. This 
finding is consistent with some recent studies which ana- 
lyzed local hospital spending patterns, one of which found 
that higher hospital price growth in California is not related 
to changes in market structure or other factors in the 
model [42], and another that found that in Massachusetts, 
large variation in hospital prices is much better explained 
by hospital market power than by patient diagnosis/severity 
or hospital quality [43]. Our finding furthers the evidence 
that increasing unit payment for hospital services is a na- 
tional trend, even if we cannot clearly explain this national 
trend based on existing measures. 

Technology plays a mixed role in driving total hospital 
spending in the study period. On the one hand, our results 
show that the expansion of high-tech hospital services 
reduces the need of more intensive, higher-cost inpatient 
care. On the other hand, new technology is contributing 
to higher unit payment. The net effect is that technology 
is associated with a more limited growth in total hospital 
spending. While our technology measure captured most 
important new capital equipment hospitals adopted in the 
2000s, there are other potential omitted variables. For 
example, we do not capture the use of beta-blocker, new 
type of stents, and other medications and devices that also 
diffused widely throughout the 2000s. Because we do not 
know how our measured capital equipment and these 
other omitted treatment technology are correlated, our 
estimated importance of technology can be biased in 
either direction. 

Contrary to conventional thought that the retreat of 
HMO plans may have led to increased utilization and 
therefore hospital spending, we did not find evidence to 
support this claim. Total utilization growth in 2001 to 
2007 is limited, and market competition variables in- 
cluding MC penetration, MC concentration, and hospital 
concentration do not explain much of this growth. It is 
possible that while managed care plans have relaxed the 
traditional gate-keeping and utilization authorizations/ 
reviews, newer tools such as case and disease manage- 
ment strategies may be holding the utilization growth in 
control. However, we have no information on the new 
management strategies to directly test this hypothesis. 

Our finding that market competition is associated with 
lower hospital payment between 2001 and 2007 is primar- 
ily driven by the increased managed care concentration 



Net patient revenue (millions) 


$126 


$193 


53% 


Adjusted days (thousands) 


89 


98 


10% 


Net patient revenue per adjusted day 


$1,377 


$1,961 


42% 


Staffing and labor-related costs 








Labor-related cost per hour 


88.9 


103.3 


16% 


FTE per bed 


4.8 


5.5 


14% 


RN per bed 


1.2 


1.5 


25% 


LPN per bed 


0.2 


0.1 


-10% 


Residents per bed 


0.1 


0.1 


5% 


Technology 








% Hospitals with cardiac 
catherterization lab 


67% 


65% 


-3% 


% Hospitals with open heart surgery facility 


41% 


45% 


10% 


# of Medicare AMI cases 


66.8 


55.3 


-17% 


% Medicare AMI receiving PICA 


12% 


15% 


27% 


% Medicare AMI receiving CABG 


4% 


3% 


-10% 


% Hospitals with PET 


17% 


23% 


35% 


% Hospitals with SPECT 


61% 


58% 


-6% 


% Hospitals with ESWL 


34% 


37% 


9% 


% Hospitals with MRI 


78% 


82% 


4% 


% Hospitals with NICU 


34% 


37% 


7% 


Market competition 








MC penetration 


64% 


57% 


-12% 


MC HHI 


1600 


1769 


11% 


Hospital HHI 


3511 


3454 


-2% 


Hospital Characteristics 








% FP Hospital 


18% 


19% 


4% 


% Government 


12% 


12% 


1% 


% Teaching 


10% 


9% 


-6% 


% Hospital with < =100 beds 


17% 


19% 


11% 


% Hospital with 101-150 beds 


16% 


15% 


-8% 


% Hospital with 151-200 beds 


14% 


14% 


-6% 


% Hospital with 201-300 beds 


22% 


22% 


0% 


% Hospital with 301-500 beds 


23% 


22% 


-5% 


% Hospital with >500 beds 


7% 


9% 


20% 


Occupancy Rate 


66% 


66% 


-1% 


Member of a hospital system 


60% 


63% 


6% 


Casemix and demographics 








Medicare casemix 


1.41 


1.45 


3% 


Per capita Income 


$30,070 


$36,71 1 


22% 


Unemployment rate 


5% 


4% 


-11% 


% population > 65 y/o 


12% 


12% 


-2% 


MD per capita 


2.76 


2.81 


2% 
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Table 2 Regression-based decomposition of real hospital net revenue growth between 2001 and 2007 



Revenue 

Log of real hospital 
net revenue 



Utilization 
Log of adjusted days 



Unit-Payment 

Real hospital net revenue 
per adjusted day 



Overall 

2001 
2007 

Difference"^ 

Explained 

Unexplained 

Decomposition 

Explained 



$18.31 
$18.72 

41 

18 

23 



100% 
44% 
56% 



11.14 
11.21 

7 
4 
3 



100% 

57% 



$1,378 
$1,965 
$587 
$173 
$413 



100% 





18 


100% 


4.0 


100% 


$173 


100% 


Staffing and labor-related costs 


12.r* 


67% 


3.3** 


83% 


$108** 


62% 


Technology 


0.1 


1% 


-0.8** 


-20% 


$17** 


10% 


Market competition 


-0.8** 


-4% 


0.2 


5% 


-$16** 


-9%% 


Hospital char 


0.8** 


4% 


0.5* 


13% 


$2 


1% 


Casemix and demographics 


4.8** 


27% 


0.6 


15% 


$52** 


30% 


Payer mix 


0.8** 


4% 


0.4 


10% 


$9** 


5% 



^Expressed in percentage points except for the column of unit-payment. 

"Indicates the predicted growth for that category is statistically significant at .01 level and ^ at .05 level. 



during this period. During the study period, MC penetra- 
tion decreased by about the same amount (12%) as the in- 
crease in MC concentration (11%), while hospital market 
structure remained relatively unchanged. Our findings 
show that increased MC concentration can suppress pay- 
ment growth, suggesting a critical role of concentrated 
health plans in lowering payment in the 2000s. This is 
consistent with a recent study that found that increased 
concentration in health plan markets is associated with 
lower hospital price [44]. However, such dampening effect 
is offset by the growth in labor costs and aging population 
that increases overall spending. 

It is possible that our measure of price— net patient 
revenue per day— is rising simply because of decreasing 
average length of stay (LOS) within an admission. We 
examined the effect that changing LOS might have on our 
results using hospital admission as an alternative unit of 
volume. In the sensitivity test, we found that LOS is fairly 
stable over time, and re-estimating Figure 1 using admis- 
sions as the unit of volume provided a very similar trend. 
Repeating the decomposition analysis adding LOS as an 
additional variable showed that LOS explained a small 
portion (4%) of the unit-payment growth in 2001-2007. 
Therefore, we ruled out the possibility that the trend in 
rising price per day is driven by differential trends in LOS 
and admissions. 

Several limitations may affect the interpretation of our 
findings. First, study sample is limited to urban hospitals 
because we only have insurer market information on 
metropolitan areas. Therefore, our results may not apply 
to rural hospitals. Second, our data contain overall 



revenue reduction from billed charges as an estimate of 
net revenue hospital received. While this information is 
well suited to examine overall trends, it is not sufficient to 
investigate more detailed mechanisms as to which depart- 
ment or what type of services are contributing to the ris- 
ing revenue/price. Third, while the OB method is a sound 
methodology to decompose changes in hospital spending 
into contributions by individual factors, it does not esti- 
mate a causal relationship. Therefore, our findings should 
be considered as an association between hospital spending 
and its contributing factors rather than causality. 

Conclusions 

Overall, our results document a new and important trend 
of higher hospital spending, which appears to be driven by 
rapidly rising hospital prices (higher inpatient payment 
per adjusted day). In addition, factors that were commonly 
believed to drive hospital cost/price do not seem to ex- 
plain much of the price growth. Future research is needed 
to understand and measure varied new activities occurring 
in the health plans and hospital markets that contribute to 
the high and rising provider prices in the last decade. 
Higher hospital prices are also likely caused by changing 
effects of market concentration related to the wave of pro- 
vider market consolidation in the 2000s, and thus greater 
attention and efforts are also needed in both the public 
and private sectors to restore price competition. Antitrust 
agencies might need to move more aggressively to protect 
and restore market competition. Private sector innovation 
is needed to increase consumer price shopping both in 
the insurance markets and for medical care services. 
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Endnotes 

^Specifically, adjusted patient days = inpatient days + 
[inpatient days* (outpatient revenue/inpatient revenue)]. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

WW conceived of the study, performed the statistical analysis, and drafted 
the manuscript. YS participated in the study design, helped constructing the 
analytical data files, and YS and GM helped the interpretation of the results 
and revision of the manuscript. MY provided conceptual and methodological 
application of the OB decomposition method, and helped the interpretation 
of the results and revision of the manuscript. All authors read and approved 
the final manuscript. 

Author details 

^Sol Price School of Public Policy, University of Southern California, 
Los Angeles, CA, USA. ^Graduate School of Business and Public Policy, Naval 
Postgraduate School, Monterey, CA, USA. ^Department of Economics, Tulane 
University, New Orleans, LA, USA. 

Received: 25 March 2013 Accepted: 28 April 2014 
Published: 21 May 2014 

References 

1. Ginsburg PB, Strunk B, Banker M, Cookson J: Tracking care costs: Spending 
growth remains stable at high rate in 2005. Data Bulletin No 33 2006. 
http://www.hschange.org/CONTENT/879/?topic=topic801. 

2. Wu VY, Shen Y, Melnick G: Competitive market forces and trends in US 
hospital spending, 2001-2007. Health 2013, 5(7):1 195-1200. 

3. Fleming C: Health Spending Growth Remained Low in 2011. In Health 
Affairs Blog. Jan 7, 2013. Web. May 1 1, 2014. 

4. Wilensky GR: Is the slowdown in healthcare spending sustainable? In 
HFMA Magazine. Washington, DC: Healthcare Financial Management 
Association; 2012. 

5. Hay JW: Hospital cost drivers: An evaluation of 1998-2001 state-level 
data. Ann J Manage Care 2003, 9:SP13-SP24. 

6. Friedman BS, Wong HS, Steiner CA: Renewed growth in hospital inpatient 
cost since 1998: Variation across metropolitan areas and leading clinical 
conditions. Am J Manage Care 2006, 1 2(3):1 57-1 66. 

7. The Lewin Group: Study of health care outpatient cost drivers. 2002. http:// 
www.lewin.com/publications/publication/65/. 

8. Siegrist RB, Kane NM: Exploring the relationship between inpatient 
hospital costs and quality of care. Ann J Manage Care 2003, 9:SP43-SP49. 

9. American Hospital Association: The state of hospitals' financial health. 2002. 
http://www.aha.org/aha/content/2002/pdf/Wp2002HospFinances.pdf. 

10. American Hospital Association: The cost of caring 2005. http://www.aha.org/ 
aha/content/2005/pdf/CostCaring.pdf. 

11. Oaxaca R: Male-female Wage Differentials in Urban Labor Markets. 
IntEcon Rev 1973, 14:693. 

12. Blinder AS: Wage Discrimination: Reduced Form and Structural Estimates. 
J Hum Resour ]973, 8(4):436. 

13. Hadley J, Hargraves JL: The contribution of insurance coverage and 
community resources to reducing racial/ethnic disparities in access to 
care. Health Serv Res 2003, 38(3):809-829. 

14. Bowblis JR, Yun MS: Racial and ethnic disparities in the use of drug 
therapy. Soc Sci Res 2010, 39(4):674-684. 

15. Shen Y, Long SK: What's driving the downward trend in employer- 
sponsored health insurance? Health Serv Res 2006, 41 (6):2074-2096. 

16. Shen Y, Zuckerman S: Why Is There State Variation In Employer- 
Sponsored Insurance? Health Aff 2003, 22(1 ):241 -251. 

1 7. Baum C, Chou S: The Cocio_economic Causes of Obesity. In NBER 
Working Paper No 17423. Cambridge, MA: National Bureau of Economic 
Research; 2011. 

18. Bamezai A, Zwanziger J, Melnick GA, Mann JM: Price competition and 
hospital cost growth in the United States (1989-1994). Health Econ 1999, 
8(3):233-243. 

19. Yun MS: Blinder-Oaxaca Decomposition Technique. In International 
Encyclopedia of the Social Sciences. Volume 1. 2nd edition. Edited by William 
A, Darity J. Detroit: Macmillan Reference USA; 2008:332-334. 



20. Goetghebeur MM, Forrest S, Hay JW: Understanding the underlying 
drivers of inpatient cost growth: A literature review. Am J Manage Care 
2003, 9:SP3-SP12. 

21 . Newhouse JP: Meidcal care costs - How much welfare loss. J Econ Perspect 
1992, 6(3):3-21. 

22. Chernew M, Hirth R, Sonnad S, Ermann R, Fendrick A: Managed care, 
medical7techonology, and health care cost growth: A review of the 
evidence. Med Care Res Rev 1998, 55(3):259-288. 

23. Friedman B, Devers K, Steiner C, Fox S: The use of expensive health 
technologies in the era of managed care: the remarkable case of 
neonatal intensive care. J Health Polit Policy Law 2002, 27(3):441-464. 

24. American Hospital Association, Group TL: Forces driving inpatient 
utilization. In Trend Watch, Volume 3. 2001. http://www.google.com/url? 
sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0CDAQFjAB&url=http%3A% 
2F%2Fwww.aha.org%2Fresearch%2Freports%2Ftw%2Ftwnov2001.pdf 
&ei=DxmGU6LSLoqlyASap4JA&usg=AFQjCNF5_a-Hld6KhGdkicBTYYY2_ 
L045A&bvm=bv.67720277,d.aWw. 

25. PriceWaterHouseCooper: The factors fueling rising health care costs. 2002. 
http://www.ahip.org/uploadedFiles/Content/News/Press_Room/2008/ 
Resources^heFactorsFuelingRisingHealthcareCosts2008.pdf 

26. Baker L, Atlas S, Afendulis CC: Expanded Use of Imaging Technology and 
the Challenge of Measuring Value. Health Aff 2008, 27(6):1 467-1 478. 

27. Cutler DM, Huckman RS: Technological development and medical 
productivity: the diffusion of angioplasty in New York state. J Health Econ 
2003, 22(2):187-217. 

28. Mehrotra A, Dudley RA, Luft HS: What's behind the health expenditure 
trends? Annu Rev Public Health [NLM - MEDLINE] 2003, 24:385-41 2. 

29. Gertler PJ, Cuellar AE: How the expansion of hospital systems has 
affected consumers. Health Aff 2005, 24(1):213-219. 

30. Kemper N, Ginsburg PB, Berenson RA: Unchecked Provider Clout In 
California Foreshadows Challenges To Health Reform. Health /\/f 2010, 
29(4):699-705. 

31 . Strunk BC, Ginsburg PB, Gabel JR: Tracking health care costs. Health Aff 
2001,20(6):W39. 

32. Horwitz JR, Nichols A: Hospital ownership and medical services: Market 
mix, spillover effects, and nonprofit objectives. J Health Econ 2009, 
28(5):924-937. 

33. Pauly MV: Managed care, market power, and monopsony. Health Serv Res 
1998, 33(5):1 439-1 460 

34. Chernew M, Scanlon DP, Lee W, Swaminathan S: Competition in health 
insurance markets: Limitations of current measures for policy analysis. 
Med Care Res Rev 2006, 63(6):37S-55S. 

35. Baker LC: Measuring competition in health care markets. Health Serv Res 
2001,36(1):223-251. 

36. Staten M: Market share and the illusion of power Can blue cross force 
hospitals to discount? J Health Econ 1987, 6(1):43-58. 

37. Melnick G, Zwanziger J, Bamezai A, Pattison R: The effects of market 
structure and bargaining position on hospital prices. J Health Econ 1992, 
11(3):21 7-233. 

38. HHS predicts growing nurse shortage. Healthc Financ Manage 2002, 
56(10):24. 

39. Littlejohn L: Nurse shortage: A comparative Analysis. Int J Nurs 2012, 
1(1):22-27. 

40. Caiman N, Phillips R, Hauser D, Fink K, Salsberg E, Forte G, Fryer G: Physician 
shortages. Health Aff 2003, 22(4):260-262. 

41. Getzen TE, Cooper RA: The coming physician shortage. Health Aff 2002, 
21(2):296-299. 

42. Antwi Y, Gaynor M, Vogt W: A Bargain at Twice the Price? California 
Hospital Prices in the New Millennium. Forum Health Econ Pol 2009, 

12(1):Article 3. 

43. Coakley M: Examination of Health Care Cost Trends and Cost Drivers. Report for 
Annual Public Hearing. Boston, MA: Office of Atterney General Coakley; 201 1. 

44. Melnick GA, Shen Y-C, Wu VY: The increased concentration of health plan 
markets can benefit consumers through lower hospital prices. Health Aff 
(Project Hope) 20]], 30{9):m8. 



doi:1 0.1 1 86/1 472-6963-1 4-230 

Cite this article as: Wu et al.: Decomposition of the drivers of the U.S. 
hospital spending growth, 2001-2009. BMC Health Services Research 
2014 14:230 



